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ABSTRACT
The deployment of artificial neural networks (ANNs) on small satellites will improve space situational awareness (SSA)
where scarce radio resources limits the interactions between space-born and ground-based systems. The application of
ANNs in space is stymied by lack of relevant, curated datasets. This project addresses an ongoing problem of small
spacecraft detection and identification. This paper will present the problem and the activities the team has taken to
advance this field.

CubeSat Configurations
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A CubeSat is a small satellite or spacecraft
based on a 10 cm × 10 cm × 10 cm size per
unit (U). CubeSats come in range of sizes
from 1U to 12U, with 1U, 3U, and 6U,
shown in Figure 1, being the most
commonly used configurations.
Large amounts of data are required to train
an ANN for image-based object detection.
The training process will always benefit
from more images and requires, minimally,
hundreds of images to construct an
accurate classification model. The dataset
needs to contain images with many
different CubeSat form factors, designs, and
components in order to be generally
successful. Given the task of collecting as
many images as possible, two methods of
image acquisition were employed: 1)
manual collection of images from the
internet and 2) generation of synthetic
images.
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NASA MiRaTa Model:
Imported, Textured, Noise
Added
The YOLOv3 ANN was trained using the
large CubeSat library described previously.
The training data included the location and
class (1U, 2U, 3U, or 6U) of each type of
object. The learning algorithm iteratively
corrects the model weights within the ANN
driving the model towards greater class
detection certainty. The resulting model
enables detection of new CubeSats for
which the network has never been trained
to detect or classify.

CubeSat above Earth

Flowchart Outlining the Pipeline for any Deep
Learning Project

Elements of Machine Learning Development and
Deployment

Left - Raspberry Pi with NCS2,
Right-Nvidia Jetson AGX Xavier

Trained CubeSat Detector
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YOLOv3 Model Structure
Machine learning models, when
combined with off-the-shelf
acceleration hardware is ready to be
utilized in the space environment. The
deployment of artificial neural
networks (ANN) for use in spacecraft
classification applications is challenging
due to the lack of curated datasets. The
COSMIAC team has curated an initial
dataset for the detection and
classification of CubeSats ranging in size
from 1U to 6U. Early training and
validation have shown promising results
on a variety of computing platforms
shown in Figure 11. The process for
training and deployment of ANNs has
been presented .
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